ABSTRACT
INTRODUCTION
Currently, active treatment of prostate carcinoma in patients with localized disease and long life expectancy is recommended (1) . Clinically localized prostate cancer is typically managed by well established therapies like radical prostatectomy, brachytherapy, and external beam radiation therapy. Permanent brachytherapy (BT) with 125-I seed implant gets PSA control 10 years higher than that reported with external radiotherapy (ERT), and comparable to radical prostatectomy (RPT) (2) (3) (4) (5) (6) (7) . Brachytherapy was developed to treat prostate cancer 50 years ago and already have a lot of publication in the entire world and there are already publications with 15 years of monitoring (8) . There is a perception that only large centers obtain satisfactory long-term results. Therefore, we decided to review our experience in 429 patients treated according to the American (9) and European (10) recommendations, with braided seeds according to a transperineal ultrasound-guided radioactive seed implantation, in a "real-time" system; if we had adequate results, the technique could be improved or the indications of the BT should be adjusted further. In Portugal, about 8 centers have implemented this technique, but there aren't published results. So, it was time to start our evaluation in Portugal. factors. Hormonal therapy (HT) was used in 105 patients (24.5%), to reduce prostate volume > 60 cc (LH-RH analogue for three months). The volumetry was calculated three and four weeks before the implant using transrectal ultrasound. If the volume was greater than 60 cc, hormonal treatment was offered and repeated at three months.
MATERIALS AND METHODS

In
All patients (low and intermediate-risk) underwent a brachytherapy as monotherapy by transperineal ultrasound-guided "real-time" system, and the prescribed minimum peripheral dose for prostate was 140 Gy. The main objective was to achieve the following constraints: V100>98% (prostate volume receiving 100% dose); D90>140 Gy (dose that 90% of the prostate receives); V150 urethra <1% (volume of the urethra receiving 150% dose), and rectal V100<5% (volume of the rectum that receives 100% dose). The number of seeds and the implant location were prepared in the operating room. The median seed activity was 0.508 mCi (0.399-0.603 mCi). The patients were discharged the following day. They were given an appointment a month after the implant for CT definitive dosimetry.
The PSA control was performed every three months the first year, every four the second, every 6 months up to 5 years and annually thereafter. Biochemical relapse (BR) was considered according to the Phoenix criterion: PSA nadir+2ng/ mL (13) . Toxicity was measured with the RTOP/ EORTC scale and urinary function also with IPSS. Sexual function was measured by the scale of the National Cancer Institute. For biochemical control statistical analysis, the Kaplan-Meier test was performed. We applied the Iog rank test by crossing the biochemical relapses with initial PSA values (Group 1) and the values of Gleason (Group 2) to evaluate its statistical significance.
RESULTS
The mean follow-up was 71.98 months (6 years), maximum 119.73 months and at least 3 months. Eleven patients died of concurrent disease not associated with prostate cancer. Twenty-five patients had PSA elevations with risk of biochemical relapse. Seven patients (1.6%) with theoretical BR remained untreated because the PSA remained at levels below the diagnostic ones and below 10, with negative extension studies and/or negative biopsy, and in them PSA declined spontaneously. Therefore, only 18 patients actually had BR (4.2%). Sixteen of them had a positive prostate biopsy and were treated with HT (two with cryotherapy). Two cases were not biopsied due to advanced age and starting HT because PSA was >10ng/mL. The mean age of the 18 patients with BR was 67.8 years (56-75). All the 18 patients had local recurrences and did not undergo HT previously to BT for prostate downsizing.
The actuarial survival free of BR at 6 years was 95.8% ( Figure-1 ). In cases of low and intermediate risk it was 95.5% and 89.2%, respectively. There were no statistical differences according to Initial PSA on the BR -Group 1. Patients with PSA <10 had a BR-free survival of 96.2%, compared to 95.7% with PSA 10-15 (p=0.830) (Figure-2) . However, when we compared the Gleason score on the BRGroup 2, the patients with Gleason 6 had a BR-free survival of 95.6% compared to 87.5% with Gleason 7 (p<0.05) (Figure-3 ). Time until BR was between 14 and 104 months (mean 46.8 months). Transient PSA elevation was studied in a subgroup of 120 patients in a 6 months follow-up. An increase of >0.1ng/mL was detected in 49% (28% without HT, 79% with HT). When an increase of >0.4ng/mL was considered, the transient elevations was 14% (8.5% without HT, 21% with HT). The median PSA nadir in the group PSA<10 was 1.08ng/mL and in the group PSA 10-15 was 1.56ng/mL. The median PSA nadir in the group Gleason 6 was 1.46ng/mL and in the group Gleason 7 was 1.63ng/mL.
Rectal acute complications are related to the endorectal probe, G2: 0.6%, G1: 17%. Rectal late toxicity was minimal with only five cases of rectal bleeding (1.2%) (G2: 2, G1: 3). Posttreatment rectal fistulas were not found. Hematuria occurred in some cases during the first and second day. No case of long-term incontinence or hematuria has been detected (G0). Mean IPSS before the implant was 8 (0-18) and mean time for full recovery was 5.5 months (range 0-16 months). We had to probe 6.5% patients due to acute urinary retention, which resolved within two months. The side effects were of low intensity in 58% of the patients. Desobstructive TUR-P was necessary in 10 patients, average of 27 months (16-39 months) after treatment. 141 patients (33%) have only mild to moderate urinary complaints (dysuria, urinary frequency) controlled with oral therapy (α-blockers).
Sexual function was determined in the first 260 patients (using International Index of Erectile Function -IIEF) and discarding previous cases of impotence, it was preserved in 60% of the patients. Analyzing only the cases that did not receive HT, 12% had prior impotence, and those with some degree of erection, one year after implantation, 76% of patients had regained the same level of prior sexual activity.
Regarding the CT dosimetric data at one month of the implant, a mean V100 of 93.7% (81.08-98.98%) and D90 of 177.68 Gy (140-225 Gy) was obtained. Mean prostate size was 43.9 cc (14-65 cc).
DISCUSSION
All the patients, of low and intermediate risk, received prostate brachytherapy as monotherapy. Permanent TB in low-risk cases gets biochemical control at 10 years between 87% and 96%, and in intermediate-risk ones between 63% and 86% (14) . Our study at 6 years (95.5% low risk, 89.2% intermediate) confirms the same results, however, most of the cancers treated in this cohort were probably clinically insignificant cancers.
Many clinical factors have been described that influence the result, PSA level, Gleason, T stage, percentage of positive biopsy cylinders, (10, 14) but in our study only the Gleason score was significant.
A quarter of cases in our study received HT (24.5%), but it did not improve the results. In the series of Mount Sinai School of Medicine (11) and Leeds (15), the HT did not influence the BR significantly. It is queried whether permanent implants are suitable for young men. In our study, of 62 patients <60 years, only one suffered a relapse, and all preserved sexual potency. A study by the Mount Sinai School of Medicine confirms that men up to 60 years old achieve an excellent biochemical control at 8 years, comparable to older ones (16) .
Transient PSA elevations are another datum to be studied. They are defined as an elevation of the PSA above the initial nadir, which later declines without any treatment. However, different definitions of the BR lead to false positives while transient elevations last (17) . In our work, 7 of 25 cases with theoretical BR were monitored without treatment and the PSA declined. Mean time to the onset of the PSA elevation is a useful indicator. In our series, the real BR occurred at an average of 46.8 months and the false ones at 24 months. A study in Toronto with 292 patients showed that the median time to the PSA elevation indicative of the BR was 30 months, and concluded that caution is advised in interpreting an early increase in the PSA level in the first 30 months (18) . The time to the first PSA elevation is the most valuable factor to distinguish between a transient increase and a BR, considering that transient elevations are more common in young men and that these cases have a better prognosis, as demonstrated in a study of 820 patients: control rate at 5 years in patients with elevation ≥0.2 was 97.7% vs. 91% in those who did not have transient PSA elevation (19) .
Performing a post-implant dosimetry in patients undergoing permanent prostate BT is essential (20) to know the D90 and V100, which correlate with the result (21) . Doses higher or lower than 150 Gy were the only prognostic factor in 558 patients at intermediate risk at Memorial Sloan Kettering Cancer Center (22) . With D90 >140 Gy control reached 93% at 10 years. At the Mount Sinai School of Medicine, in 243 patients on monotherapy, a group of optimal dose (≥140 Gy D90) was distinguished with control at 8 years of 82% and suboptimal (D90 <140 Gy) of 68%. In low-risk cases, this difference was 94% vs. 75% (11) . The Leeds experience was similar (23), significant only in low-risk cases (24) .
We used the intraoperative dosimetry system that allows the immediate calculation of each seed when inserted into the prostate gland. The dose distribution for the implant is calculated in ''real time'' in the operating room, and new seeds can be inserted if cold areas are detected. When the implant is finished, the dosimetry reflects the dose distribution in agreement with the position in which the seeds have remained, properly identified with ultrasound images, which makes possible to get a better D90 and V100. Although there are slight differences between the results of intraoperative dosimetry and that performed monthly by CT, the intraoperative implant dosimetric system allows for a good approximation to the real administered dose (25) . When it was performed right at the end of the implant, in the operating room and under ultrasound control, the V100 reached 97% and the D90 177 Gy. Planning based on real-time ultrasound does not accurately reflect dosimetry based on postoperative CT (26) , although the prostate edges are better defined by ultrasound than by CT.
In a study of 2,693 patients from 11 institutions treated with permanent BT monotherapy, the only controllable factor with long-term impact was the D90, which reflects the quality of the implant (27) . The impact of these changes will lead to better results, obtained through a closer integration of planning processes with the actual implant and the way to place the seeds (28).
In conclusion, the result of the monotherapy treatment with 125-I seeds in patients with low and intermediate-risk carcinoma is very good and with few complications. The hormone treatment did not affect the results. The PSA elevations must be controlled and, thus, a premature salvage therapy avoided. Biochemical relapses are minimal. In our sample, the initial PSA showed no statistically differences in the rate of relapses, unlike the value Gleason, where it was demonstrated that patients with Gleason 7 have a higher probability of biochemical relapse.
